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SPECIFICATION 

Heat exchange elements 

5 This invention relates to. heat exchange ele- 
ments and, more particularly but not exclu- 
sively, to heat exchange elements suitable for 
use as part of a solar panel. 
There are many forms of solar panels avail- 
10 able on the market nowadays which generally 
consist of a heat exchange element housed in 
an insulated container having an open top 
which is closed by a transparent panel. One 
form of heat exchange element in common 
15 use comprises a metal absorber plate, e.g. of 
steel, to which is welded a length of metal 
tubing, e.g. of copper, arranged in a series of 
loops. Water passed through the tubing from 
one end to the other is heated during its pas- 
20 sage by exposure of the absorber plate to 
sunlight through the transparent panel. In or- 
der to prevent internal frictional losses with 
consequential reduction in the rate of water 
flow through the tubing leading to a significant 
25 drop in efficiency, it has been always consi- 
dered necessary for the tubing to have a suffi- 
ciently large internal diameter and one which 
has gained wide acceptance is an internal dia- 
meter of 0.5 inch (12.70 mm), with the tubing 
30 having an external diameter of 0.579 inch 
(14.70 mm). 

It has also always been considered neces- 
sary under normal fabrication procedures for 
the absorber plate to be of heavy gauge, typi- 
35 cally 3/16 gauge to collect solar energy. This 
is not just because of conventional thinking 
but also because in practice it is not possible 
to weld the length of tubing to a thin sheet of 
plate without distortion. Moreover, in order to 
40 obtain effective heat conduction into the tub- 
ing and the water content it is also necessary 
to weld along the full length and along each 
side of the tubing. 
Thus such heat exchange elements have the 
45 disadvantage of being expensive to manufac- 
ture, thereby militating against wide usage of 
solar heating in particular for domestic pur- 
poses as the initial total cost of solar panels 
incorporating these heat exchange elements 
50 and installation is not justifiable with respect 
to the time taken to recover the cost from 
fuel savings. A further disadvantage results 
from the thickness of the heavy gauge ab- 
sorber plate, causing the rate of heat absorp- 
55 tion into the water flowing through the tubing 
to be slow with the water working some time 
after the solar energy has been received by 
the absorber plate. Furthermore, because of 
the large internal diameter of the tubing the 
60 tubing metal content to water ratio is undesir- 
ably low despite the 2mm wail thickness of 
the tubing. 

Accordingly, the main object of this inven- 
tion is to provide a heat exchange element 
65 and a method of making a heat exchange ele- 



ment in which the aforesaid disadvantages are 
reduced or eliminated. 

To this end, and from one aspect, the in- 
vention consists in a heat exchange element 
70 comprising a thin metal absorber plate, for 
example having a gauge in the range of 24 to 
30, a length of metal tubing which is bonded 
to one surface of the absorber plate in at 
least one loop by means of a bonding material 
75 which is preferably applied in the form of a 
mastic, which has similar or substantially the 
same heat transfer properties as a metal, e.g. 
steel or copper and which retains flexibility, 
said tubing being of micro-bore size, for 
80 example having an internal diameter of 6 mm, 
and a heat absorptive coating covering at 
least the two oppositely facing surfaces of the 
absorber plate and preferably the tubing and 
bonding material. 
85 Applicants have found that the heat absorp- 
tive coated absorber plate, bonding material, 
and microbore tubing has surprising, and un- 
expected effects and advantages. Even in win- 
ter conditions with dispersed sunlight filtering 
90 through clouds and hitting the thin absorber 
plate heat travels rapidly through the plate, the 
bonding material and into the metal of the 
tubing. As the water in the tubing heats up it 
starts to flow upward thermally and thence 
95 draws a very high proportion of the absorbed 
heat into the flowing water. If the absorber 
plate were a thicker sheet, the water would 
be working some time after the solar energy 
was received but by utilizing a very thin sheet 
100 of metal the water is nearly working on the 
instant the energy is received. Moreover, the 
micro-bore size tubing has normally the disad- 
vantage of causing internal friction, but in the 
present invention the small internal diameter of 
105 the tubing enables the water content of 0.025 
pints per total, 4 metre run, i.e. 0.0021 gal- 
lons per foot run, to be directly effected by a 
heated metal content of nearly 1-1/2 ounces 
and so has the advantage that it heats the 
1 10 small water content very quickly. Preferably, 
the ratio of tubing metal content to heated 
water quantity is 9.7 lbs of metal heating 
0.25 pints of water. In tests carried out by 
the Applicant with heat exchange elements 
115 constructed in accordance with the invention, 
5.5 gallons of water per hour were heated to 
near boiling point. 

Preferably the bonding material is a thermo- 
setting resin having a thermal conductivity of 
120 at least 0.3 w/m °C or at least 0.15 Btu 

ft/ft 2 h °F, preferably an epoxy resin cured with 
an amine curing agent having a thermal con- 
ductivity of 0.35 w/m°C. 
By utilizing the solar energy through a thin 
125 sheet covered by a heat absorptive coating 
fast heat is immediately obtained which is 
transferred quickly into a small water content 
which heats up veryfast and therefore starts a 
faster flow and syphoning action than conven- 
130 tional systems under both summer and winter 
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conditions. In winter conditions heat exchange 
elements constructed in accordance with the 
invention are more effective than conventional 
units by reason of the coated absorber plate, 
5 coated tubing metal and water content bal- 
ance and relationship. Very little solar energy 
will start a thermal flow. 

A substantial further advantage is accrued in 
that by using light weight material and micro- 

10 bore tubing a very cost effective solar collec- 
tor can be produced. 

Preferably, the tubing has an external dia- 
meter of 0.315 inch (8 mm) and an internal 
diameter of 0.1964 inch (6 mm) providing a 

15 wall thickness of 0.0394 inch (1 mm) which 
has been found to provide an optimum tubing 
metal water content ratio, a ratio which is far 
higher than that provided by conventional 0.5 
inch internal diameter tubing. 

20 Steel is preferred for reasons of cost for the 
material of the absorber plate and the steel 
may be galvanized e.g. hot dipped matt or 
roughened and etched spangled. In view of its 
good heat condunctive properties copper is 

25 the preferred material for the tubing. 

The heat absorptive coating is conveniently 
a suitable paint such as a black paint or green 
paint which is heat resistant up to at least 
160°C and may be applied by immersing the 

30 panel comprising the absorber plate, bonding 
material and tubing in a bath of the paint such 
that the coating has a thickness in the range 
of 0.25 mm to 0.5 mm for example. The 
preferred coating is matt black. 

35 In a preferred embodiment of the invention, 
the tubing is in contact with the surface of the 
absorber plate and the bonding material is ap- 
plied on opposite sides of the contact line of 
the tubing with the plate which provides for 

40 very good heat transfer from the plate to the 
tubing. The thermal conductivity of the bond- 
ing material may be 0.228 B Th U per °F. The 
bonding material may have heat transfer char- 
acteristics which are almost or substantially 

45 equivalent to those of a metal, e.g. the steel . 
absorber plate and/or copper tubing which 
considerably increases heat transfer from the 
absorber plate to the tubing. 
The invention also consists in a solar collec- 

50 tor or panel including any of the heat ex- 
change elements defined hereinabove. The 
heat exchange element is conveniently dis- 
posed in an open topped container with the 
tubing facing the container bottom and with 

55 the open top of the container being closed by 
a transparent panel. 

The container may be provided with an in- 
sulating backing member along its bottom or 
the insulating backing member may form the 

60 bottom of the container with the tubing facing 
or preferably being in contact with the insulat- 
ing backing member. The container is advanta- 
geously also provided with insulating material 
along its sides or the sides may be formed of 

65 insulating material. 



In a preferred embodiment, the solar collec- 
tor comprises a reflective insulating backing 
member comprising a reflective layer which 
faces or is preferably in contact with the tub- 
70 ing, and an insulating layer. When such a 
backing member is mounted in or forms the 
bottom of, the container the efficiency of the 
solar collector is increased by as much as 
10%. The reflective layer may be of a suitable 
75 metal such as aluminium or stainless steel, 
say in the form of a sheet of a thickness in 
the range of 1 mm to 2 mm. whereas the 
insulating layer may be a suitable plastics, 
such as polyisocyanate for example in the 

80 form of a foam. The insulating layer should be 
able to withstand, I.e. remain stable, at tem- 
peratures of at least 150°C. The thickness of 
the insulating layer is conveniently in the range 
of 0.5 to 1 inch. The whole backing member 

85 is advantageously self-supporting and of a rigi- 
dity such as to maintain its shape and thus 
remain at the same spacing from or in contact 
with the tubing without distortion. Thus, it 
may be necessary for the backing member to 

90 have a reflective layer on its other surface, 
which is of the same dimensions as the 
reflective layer facing or in contact with the 
tubing. The multi-layered backing member may 
be formed in an injection moulding process. 
95 From another aspect the present invention 
consists in a method of making a heat ex- 
change element, said method comprising pro- 
viding a thin meta! absorber plate and a length 
of micro-bore metal tubing, forming the metal 

100 tubing into at least one loop, clamping the 
looped tubing in line contact with one surface 
of the absorber plate along the length of the 
tubing, applying a bonding material in the form 
of a mastic along at least one of the two 

105 sides of said line of contact the tubing with 
the absorber plate, allowing the bonding ma- 
terial to cure to bond the tubing to said sur- 
face of the absorber plate and applying a 
coating of a heat absorptive material to, and 

1 10 such as to cover at least the two oppositely ' 
facing surfaces of the absorber plate and pre- 
ferably the tubing and cured bonding material. 

The bonding material retains its flexibility 
and has good heat transfer and adhesive pro- 

115 perties in the cured state. With one form of 
bonding mastic used by the Applicants, curing 
periods of 24 hours at a temperature of 24°C, 
2 hours at 66°C, 5 minutes at 12°C and 2 
minutes at 177°C have been used. 

120 The combination of the heat absorptive 
coating on the undersurface of the absorber 
plate with the reflective property of the insu- 
lating backing member means that the ab- 
sorber plate will collect reflected heat and 

125 thus gain greater efficiency. 

In order that the invention may be more 
readily understood, an embodiment thereof 
will now be described, by way of example, 
with reference to the accompanying drawings, 

130 in which: 
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Fig. 1 is an underneath plan view of a heat 
exchange element constructed in accordance 
with the invention, 
Fig. 2 is a cross-section taken along the line 
5 ll-ll of Fig. 1 to an enlarged scale and 

Fig. 3 is an exploded view of a solar panel 
or collector incorporating the heat exchange 
element of Fig. 1. 
Referring to Figs. 1 and 2, the heat ex- 

10 change element is generally indicated at 1 and 
comprises a rectangular absorber plate 2, e.g. 
of 4 feet X 2 feet, consisting of a thin steel 
sheet 2 of 24 gauge or thicker having a 
looped length of micro-bore copper tubing 3 

15 bonded to its undersurface 4 by an adhesive 
mastic 5. The bonding mastic 5 has good 
heat transfer properties (substantially the same 
or similar to those of a metal such as steel or 
copper) and adhesive properties and when 

20 cured, retains its flexibility. Preferably, as 

shown in Fig. 2, the tubing 3 is in line contact 
with the surface 4 of the plate 2 and the 
bonding mastic 5 is applied to the plate and 
tubing in the form of two strips whilst the 

25 tubing is clamped to the plate 2. The strips of 
bonding mastic are applied on opposite sides 
respectively of the line of contact, indicated at 
6 such that heat transfer contact is made over 
substantially half the circumference of the tub- 

30 ing 4. When viewed in cross-section (see 
Fig.2) the contact line of the mastic with the 
plate may extend for a distance of up to 
around 12 mm. If desired, the tubing may be 
embedded in the bonding mastic up to sub- 

35 stantially half its circumference, i.e. there is 
mastic between what would be the line of 
contact 6 and the metal plate 2. The surface 
4 and other surface 7 of the plate 2, the 
tubing 3, and exposed surface of the cured 

40 mastic 5 are provided with a heat absorptive 
coating 8 of a suitable black matt paint to 
enhance the heat absorption properties, so 
that the panel shown in Fig. 2 is covered by 
the coating 8. 

45 The copper tubing 3 has an interna! dia- 
meter of 0. 236 inch (6mm) and an external 
diameter of 0.315 inch (8 mm) with the wall 
thickness of the tubing being 0. 079 inch 
(2mm). As can be seen from Fig. 1, the free 

50 ends of the looped tubing are extended be- 
yond one side of the absorber plate 2 where 
they are joined to respective connectors 9 for 
connecting the tubing 3 to respective inflow 
and return pipes (not shown) for a heat ex- 

55 change liquid such as water. 

Referring now to Fig. 3, the heat exchange 
element 1 is mounted in an open-topped box 
formed of metal elongate side and end ele- 
ments 10 and 11 respectively, preferably of 

60 galvanized steel. The elements 10 and 11 are 
of channel section with the end elements 1 1 
being provided with end tabs 12 for use in 
securing the end and side elements together, 
for example with pop rivetts 12a passed 

65 through drilled holes in the side and end ele- 



ments. The bottom of the box is constituted 
in this embodiment by a reflective insulating 
backing sheet 13 which is supported on the 
lower channel walls of the side and end ele- 

70 ments 10 and 11 when the box is assembled. 
The backing sheet 13 comprises a reflective 
layer 13a, an insulating layer 13b and another 
reflective layer 13c. The box also includes 
side end strips 14 and 15 of insulating ma- 

75 terial which together with the base sheet 13 
guard against any loss of heat from the cop- 
per tubing 3 to the exterior, the strips 14 and 
15 being accommodated in the channels of 
their associated side and end elements 10 and 

80 11. 

Channel shaped side spacers 16 fit over the 
side strips 14 and an optional centre brace 17 
is supported on the exposed surface 7 of the 
absorber plate 2 and is provided with a strip 

85 of insulating tape 18. The free ends of the 
tubing 3 pass to the exterior through aper- 
tures 19 and 20 in the left hand as illustrated 
side strip 14 and side element 10 when the 
box is assembled. Preferably, the strips 14 

90 and 1 5 are provided with a covering of a 
reflective material such as aluminium foil (not 
shown) on their inwardly facing surfaces. 

The open top of the box is closed by a 
transparent panel 21 of glass or a suitable 

95 plastics to be mounted in a frame comprising 
metal side and end elements 22 and 23 with 
side and end strips of insulating tape 24 and 
25 being attached to the outer surface of the 
panel 21 where the elements 22 and 23 are 
100 to contact. The end elements 23 are also pro- 
vided with end tabs for use in assembling the 
frame. When the frame is assembled with the 
transparent panel 21 therein it fits in the open 
top of the assembled box with the panel rest- 
105 ing on the adhesive strip 18 attached to the 
brace 17. The copper tubing 3 is in contact 
with the reflective layer 13a of the backing 
sheet 13. 

Various modifications may be made without 
110 departing from the scope of the invention. For 
example, instead of the plate 2 being of rec- 
tangular configuration it may be of any other 
suitable configuration. The heat exchange ele- 
ment described may be used with heat ex- 
1 15 change mediums other than liquids for 
example a gaseous fluid. 

Solar collectors constructed in accordance 
with the invention, to the best of the Appli- 
cant's knowledge, are simpler and much less 
120 expensive than any other constructions which 
have been produced in the past and which are 
known to the Applicant. 

CLAIMS 

125 1. A heat exchange element comprising a 
thin metal absorber plate, a length of metal 
tubing for a heat exchange medium, which is 
bonded to one surface of the absorber plate 
in at least one loop by means of a bonding 

130 material which is applied in the form of a 



4 



GB2183817A 4 



mastic, which retains some flexibility and 
which has good heat transfer properties, said 
tubing being of micro-bore size, and a heat 
absorptive coating covering at least the two 
5 oppositely facing surfaces of the absorber 
plate. 

2. A heat exchange element as claimed in 
claim 1, wherein the heat absorptive coating 
also covers the tubing and the bonding ma- 

10 terial. 

3. A heat exchange element as claimed in 
claim 1 or 2 wherein the heat transfer proper- 
ties of the bonding material are similar to or 
substantially the same as those of a metal. 

15 4. A heat exchange element as claimed in 
any one of claims 1 to 3, wherein the ab- 
sorber plate has a gauge of 24 to 30. 

5. A heat exchange element as claimed in 
any one of claims 1 to 4, wherein the tubing 

20 has an internal diameter of about 6 mm. 

6. A heat exchange element as claimed in 
claim 5, wherein the tubing has a wall thick- 
ness of about 1 mm. 

7. A heat exchange element as claimed in 
25 any one of claims 1 to 4, wherein a part of 

the circumference of the tubing is embedded 
in the bonding material along its length. 

8. A heat exchange element as claimed in 
claim 7, wherein the tubing is in line contact 

30 with said one surface of the absorber plate 
and the bonding material extends on opposite 
sides respectively of the line of contact. 

9. A heat exchange element as claimed in 
claim 7, wherein, a layer of the bonding ma- 

35 terial is interposed between the tubing and the 
absorber plate. 

10. A heat exchange element as claimed in 
any one of claims 7 to 9, wherein the tubing 
is embedded in the bonding material up to 

40 substantially one half it's circumference. 

1 1 . A heat exchange element as claimed in 
any one of claims 1 to 10, wherein the ratio 
of tubing metal content to heated liquid heat 
exchange medium quanity is 9.7 lbs of metal 

45 heating 0.25 pints of liquid. 

12. A heat exchange element as claimed in 
any one of claims 1 to 11, wherein the ab- 
sorber plate is of steel and the tubing is of 
copper. 

50 13. A heat exchange element substantially 
as hereinbefore described with reference to 
Figs. 1 and 2 of the accompanying drawings. 

14. A solar collector incorporating a heat 
exchange element as claimed in any one of 

55 claims 1 to 13. 

15. A solar collector as claimed In claim 14, 
wherein, the heat exchange element is dis- 
posed in an open-topped container with the 
tubing facing the container bottom and with 

60 the open top of the container being closed by 
a transparent panel. 

16. A solar collector as claimed in claim 15, 
wherein the container is provided internally 
with a reflective insulating layer at least along 

65 its sides. 



17. A solar collector as claimed in claim 16, 
wherein the reflective insulating layer also ex- 
tends along the container bottom and the tub- 
ing faces or is in contact with the reflective 

70 part of the insulating layer. 

18. A solar collector as claimed in any one 
of claims 14 to 17, wherein the container is 
made from a number of lengths of material 
which are preferably rivetted together and the 

75 transparent panel is mounted in a frame which 
is supported on the container. 

19. A solar collector substantially as herein- 
before described with reference to Figs. 1 to 
3 of the accompanying drawings. 

80 20. A method of making a heat exchange 
element, said method comprising providing a 
thin metal absorber plate and a length of mi- 
cro-bore metal tubing, forming the metal tub- 
ing into at least one loop, clamping the 

85 looped tubing in line contact with one surface 
of the absorber plate along the length of the 
tubing, applying a bonding material of mastic 
along at least one of the two sides of said 
line of contact of the tubing with the absorber 

90 plate, and allowing the bonding material to 
. cure to bond the tubing to said surface of the 
absorber plate, said bonding material retaining 
its flexibility and having good heat transfer 
properties in the cured state. 

95 21. A method as claimed in claim 20, 

wherein the curing period for the bonding ma- 
terial mastic is about 36 hours at a tempera- 
ture of about 24°C. 

22. A method as claimed in claim 20 or 21, 
100 wherein the bonding material is applied along 

both sides of the line of contact such that the 
tubing is embedded in the adhesive mastic up 
to substantially one half of its circumference. 

23. A method of making a heat exchange 
105 element, according to claim 20 and substan- 
tially as hereinbefore described. 

24. A method of making a heat exchange 
element substantially as hereinbefore described 
with reference to Figs. 1 and 2 of the accom- 

110 panying drawings. 
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